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Introduction {#sec005}
============

Among other disabling conditions, low back pain (LBP) has been identified as the highest contributor to disability globally \[[@pone.0231382.ref001]\]. Though recovery from LBP and return-to-work may occur in a month for as many as 75% \[[@pone.0231382.ref002]\], return to normalcy in those whose pain persists for 6--10 weeks after onset may take up to a year \[[@pone.0231382.ref003]\]. The lost productive time and missed workdays due to LBP may cost employers \$19.8 billion per year \[[@pone.0231382.ref004]\]. Therefore, measures of disability associated with LBP are essential. Such measures would help evaluate and monitor patients in diagnostic and treatment stages, which might assist in reducing painful, costly episodes of LBP.

Self-report measures of LBP associated disability are widely used by clinicians because they are easy to administer and inexpensive \[[@pone.0231382.ref005]\]. One of the most commonly used self-report disability questionnaires for people with LBP is the Oswestry LBP Disability Questionnaire (ODQ), which was described by Fairbank and colleagues \[[@pone.0231382.ref006]\]. Following the original English version of the ODQ, many variants of it have been produced in English \[[@pone.0231382.ref007]--[@pone.0231382.ref012]\], and there are about 31 adaptations in other languages \[[@pone.0231382.ref013]\], including Arabic \[[@pone.0231382.ref014]--[@pone.0231382.ref016]\].

While the ODQ has been adapted into many cultures, approximately 60% (19 out of 31) of the validation studies have reported missing responses, ranging from 11% to 90%, to the question about how LBP interfered with patients' sex life \[[@pone.0231382.ref013],[@pone.0231382.ref015]--[@pone.0231382.ref032]\]. Speculations about why respondents were unable or unwilling to answer this question include that they could be too young \[[@pone.0231382.ref032]\] or never had sex \[[@pone.0231382.ref015],[@pone.0231382.ref031],[@pone.0231382.ref032]\]. Others might be too embarrassed or find the question unacceptable due to cultural or religious influence \[[@pone.0231382.ref013],[@pone.0231382.ref015],[@pone.0231382.ref016],[@pone.0231382.ref019],[@pone.0231382.ref023],[@pone.0231382.ref031],[@pone.0231382.ref032]\]. Although a previous study showed that Arab people are willing to discuss their sexual life and how it is affected by LBP \[[@pone.0231382.ref033]\], it has been reported that up to 69% of respondents did not answer the sex-life questions of the Arabic ODQ \[[@pone.0231382.ref015],[@pone.0231382.ref016]\]. An attempt was made to resolve this problem by removing the question and then validating the questionnaire \[[@pone.0231382.ref015]\].

Fritz and Irrgang \[[@pone.0231382.ref012]\] published a modified version of the ODQ (MODQ). They replaced the sex-life question with a question about the effect that LBP has on employment and/or homemaking. The MODQ was found to be a valid, reliable, and sensitive tool \[[@pone.0231382.ref012],[@pone.0231382.ref034],[@pone.0231382.ref035]\]. It was also adapted into three different languages \[[@pone.0231382.ref036]--[@pone.0231382.ref038]\]. To our knowledge, a validated Arabic version of the MODQ has never been published. Therefore, our aims were to (1) translate and cross-culturally adapt the MODQ into Arabic and establish (2) the reliability, (3) validity, and (4) sensitivity of the Arabic version.

Materials and methods {#sec006}
=====================

This study was in two stages. Stage one, translation and cross-cultural adaptation of the MODQ into Arabic, and Stage two, testing the psychometric properties of the Arabic-MODQ. The Research Ethics Committee of the University of Tabuk, Tabuk, Saudi Arabia (SA) approved the study, and all respondents gave their signed written informed consent.

The Modified Oswestry Disability Questionnaire {#sec007}
----------------------------------------------

Like the original version, the MODQ includes 10 items covering LBP and assessments of the effects of pain on function. In addition to pain assessment, the functions covered are personal care, lifting, walking, sitting, standing, sleeping, social life, traveling, and employment/homemaking (replacing the sex life item). Each item consists of six statements that range from 0 (*no disability*) to 5 (*maximal disability*). The patient chooses the statement that most closely represents his/her status. To obtain a disability score, the sum of the scores is divided by the total possible score (i.e., 50). To obtain the percentage of a patient's disability, the resulting total is multiplied by 100: 0% (no disability) and 100% (the most severe disability).

Translation and cross-cultural adaptation {#sec008}
-----------------------------------------

The MODQ was translated through a process of forward translation, translation synthesis, and backward translation \[[@pone.0231382.ref039]\] ([Fig 1](#pone.0231382.g001){ref-type="fig"}). First, two translators proficient in English who were native Arabic speakers translated the English version of the MODQ into Arabic. The first translator was a physician who was aware of the MODQ concept. The second translator, a computer engineer, had no medical background and was unaware of the concept. Second, the translators synthesized the two versions into one. Third, two other translators whose native language was English and who were proficient in Arabic translated the Arabic version of the MODQ back into English. Neither translator had medical background, nor access to the original version of the questionnaire.

![Processes for cross-cultural adaptation and validation of the Modified Oswestry Low Back Pain Disability Questionnaire.\
MODQ: Modified Oswestry Disability Questionnaire.](pone.0231382.g001){#pone.0231382.g001}

After that, a four-member committee of experts produced a prefinal Arabic version of the MODQ for field-testing. The committee consisted of two healthcare professionals, a linguistic professional, and the principal investigator (HSA). One of the healthcare professionals was proficient in methodology, and the principal investigator relayed questions or queries raised in committee meetings to the forward and back translators. The committee reviewed and analyzed any discrepancy or inconsistency in previous stages of the translation process. They also judged the document and made any changes necessary to ensure clarity and suitability for the general Arab public. The reviewers made four main suggestions. The first suggestion was to convert the distance unit from miles to kilometers in Section 4 (walking). The second suggestion was to restructure the last selection in Section 4 to "I am in bed most of the time and cannot go to the toilet without help of others". The third suggestion was to add "to practice social activity" to selection 4 in Section 8 (Social Life). The fourth suggestion was to add the word "commuting" to the title of Section 9. The rest of the modifications suggested by the review committee are presented in [S1 Table](#pone.0231382.s001){ref-type="supplementary-material"}.

The prefinal version was completed by 30 patients to evaluate the questionnaire's comprehensibility and provide final input on its language. Overall, no major difficulties were faced by respondents, and they could read and understand all the 10 sections. Finally, the Arabic-MODQ was produced and ready for psychometric testing (see [S1 Appendix](#pone.0231382.s002){ref-type="supplementary-material"}).

Psychometric testing {#sec009}
--------------------

Using convenience sampling, patients from local hospitals in Tabuk, SA who met the inclusion/exclusion criteria were recruited. The inclusion criteria were patients presenting with acute or chronic LBP, aged 18--65 years, and fluent in Arabic. Excluded were patients who were pregnant and those with a history of psychiatric disorders, malignancies, or neurological pathologies. Terwee and colleagues \[[@pone.0231382.ref040]\] believed 50 participants could be used to adequately measure the floor and ceiling effects, reliability, agreement, minimum important change (MIC), and construct validity of a questionnaire; therefore, considering losses to withdrawal, follow-up, or protocol violation, we set to recruit ≥ 60 patients.

Because most of the change in patients' condition was observed immediately following the injury \[[@pone.0231382.ref005]\], it is vital to perform assessments during the first two weeks of enrollment. Therefore, follow-up assessments occurred two and 14 days after baseline. [Fig 1](#pone.0231382.g001){ref-type="fig"} illustrates the three sessions of assessment.

In Session 1, the baseline assessment, respondents completed a demographic survey that indicated whether they met the exclusion/inclusion criteria. Those who qualified completed the following questionnaires in Arabic: the MODQ, the Fear Avoidance Beliefs Questionnaire (FABQ) \[[@pone.0231382.ref041]\], the Quebec Back Pain Disability Scale (Quebec) \[[@pone.0231382.ref042]\], the Roland-Morris Disability Questionnaire (RM) \[[@pone.0231382.ref043]\], and the Visual Analog Scale (VAS) \[[@pone.0231382.ref044]\]. [Table 1](#pone.0231382.t001){ref-type="table"} summarizes the psychometric properties of the questionnaires.

10.1371/journal.pone.0231382.t001

###### Psychometric properties of Arabic questionnaires included in the study.

![](pone.0231382.t001){#pone.0231382.t001g}

  Questionnaire                                            FABQ                                                     Quebec                                             RM
  -------------------------------------------------------- -------------------------------------------------------- -------------------------------------------------- -------------------------------------------------
  **Study**                                                Alanazi et al. 2017 \[[@pone.0231382.ref041]\]           Alnahhal and May 2012 \[[@pone.0231382.ref042]\]   Maki et al. 2014 \[[@pone.0231382.ref043]\]
  **Internal consistency**                                 \-                                                       α = 0.92                                           α = 0.729
  **Test-retest reliability**                              ICC = 0.76                                               κ = 0.86--0.98                                     ICC = 0.90
  **Construct validity**                                   r = 0.234--0.283[^a^](#t001fn002){ref-type="table-fn"}   r = 0.69[^a^](#t001fn002){ref-type="table-fn"}     r = 0.259[^c^](#t001fn004){ref-type="table-fn"}
  r = -0.115--0.12[^b^](#t001fn003){ref-type="table-fn"}                                                                                                               
  r = 0.66[^d^](#t001fn005){ref-type="table-fn"}                                                                                                                       
  r = 0.092--0.208[^c^](#t001fn004){ref-type="table-fn"}                                                                                                               
  **Sensitivity**                                          ES = 0.25                                                \-                                                 \-

FABQ, Fear-Avoidance Beliefs Questionnaire; Quebec, Quebec Back Pain Disability Scale; RM, Roland-Morris Disability Questionnaire; α, Cronbach's alpha; ICC, intraclass correlation coefficient; κ, weighted kappa; r, Spearman correlation coefficient; ES, effect size.

^a^Correlated with the Oswestry Disability Questionnaire.

^b^Correlated with the Quebec Back Pain Disability Scale.

^c^Correlated with the Visual Analog Scale.

^d^Correlated with the Numeric Pain Rating Scale.

In Session 2, which occurred 48 hours later, respondents answered a 7-level global change scale to detect any big alterations in LBP characteristics or symptoms since baseline. The scale asked respondents to rate the extent that their LBP had changed over the past two days. The scale had seven response options: *completely gone*, *much better*, *better*, *a little better*, *about the same*, *a little worse*, and *much worse*. Respondents who answered "about the same" or "a little better" or "a little worse" were classified as stable \[[@pone.0231382.ref045]\] and completed the Arabic-MODQ again.

In Session 3, held 14 days following the baseline assessment, respondents completed the Arabic-MODQ for a third time and completed the four other scales in addition to the global change scale.

Data analyses {#sec010}
-------------

Data analyses included the assessment of the Arabic-MODQ for floor and ceiling effects, reliability, construct validity, and sensitivity. All the obtained psychometric values were tested against *a priori* hypotheses. IBM SPSS Statistics for Windows version 25.0 (Armonk, NY) was utilized to perform the statistical tests with alpha level at 0.05.

### Floor and ceiling effects {#sec011}

Floor and/or ceiling effects exist if more than 15% of respondents obtained the maximum or minimum possible score \[[@pone.0231382.ref040]\]. Floor and ceiling effects were defined by computing the number of respondents who scored the lowest status (90--100) or the highest status (0--10), respectively, on the Arabic-MODQ \[[@pone.0231382.ref013]\].

### Reliability {#sec012}

Internal consistency of the Arabic-MODQ was evaluated by calculating Cronbach's α at baseline. Test-retest reliability was determined by testing and then retesting and calculating the intraclass correlation coefficients (ICC) in a one-way random effects model with multiple measures. Cronbach's α and ICC values were interpreted as follows: \< 0.50, poor; 0.50--0.75, moderate; 0.75--0.90, good; and \> 0.90, excellent \[[@pone.0231382.ref046],[@pone.0231382.ref047]\]. Furthermore, measurement error was examined by calculating the standard error of measurement (SEM). The minimal true change in score for one person beyond measurement error was estimated by calculating the minimal detectable change at 95% confidence level (MDC~95%~) \[[@pone.0231382.ref040]\]. The following formulas were used to calculate the SEM and MDC~95%~, respectively: $SEM = SD\sqrt{1 - ICC}$ (where SD is the standard deviation) \[[@pone.0231382.ref048]\]; ${MDC}_{95\%} = 1.96\ x\ \sqrt{2}\ x\ SEM$ \[[@pone.0231382.ref046]\]. Finally, the 95% limits of agreement (LOA) between the scores of the Arabic-MODQ on baseline and the following administrations were visually assessed by constructing a Bland-Altman plot \[[@pone.0231382.ref049]\]. The records of only those patients classified as stable in Sessions 2 and 3 were used to evaluate the reliability. Our hypotheses regarding the values of Cronbach's α, ICC, SEM, MDC~95%~, and LOA for the Arabic-MODQ are stated in [Table 2](#pone.0231382.t002){ref-type="table"}.

10.1371/journal.pone.0231382.t002

###### *A Priori* hypotheses for testing the psychometric properties of the Arabic-Modified Oswestry Disability Questionnaire.

![](pone.0231382.t002){#pone.0231382.t002g}

  Reliability                                                                                                                                                                                                                                                                          
  --------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Internal consistency**    Cronbach's α = 0.70--0.95 \[[@pone.0231382.ref040]\]                                                                                                                                                                                                     
  **Test-retest**             ICC \> 0.70 \[[@pone.0231382.ref040]\]                                                                                                                                                                                                                   
  **SEM**                     ≤ 2.15--6.5 \[[@pone.0231382.ref012],[@pone.0231382.ref020]--[@pone.0231382.ref022],[@pone.0231382.ref027],[@pone.0231382.ref032],[@pone.0231382.ref034],[@pone.0231382.ref050]\]                                                                        
  **MDC**~**95%**~            ≤ 6--13.67 \[[@pone.0231382.ref012],[@pone.0231382.ref013],[@pone.0231382.ref020]--[@pone.0231382.ref022],[@pone.0231382.ref027],[@pone.0231382.ref032],[@pone.0231382.ref034],[@pone.0231382.ref036],[@pone.0231382.ref050]--[@pone.0231382.ref052]\]   
  **95% LOA**                 --12.7 to 13.7 \[[@pone.0231382.ref016],[@pone.0231382.ref030],[@pone.0231382.ref032]\]                                                                                                                                                                  
  **Construct validity**                                                                                                                                                                                                                                                               
  **Instrument**              **Construct measured**                                                                                                                                                                                                                                   **Direction and magnitude of the relationships**
  **FABQ**                    Fear-avoidance beliefs                                                                                                                                                                                                                                   Little or no correlation (r = 0.19) \[[@pone.0231382.ref013]\]
  **Quebec**                  Functional disability                                                                                                                                                                                                                                    Moderate to excellent positive relationship (r = 0.79--0.90) \[[@pone.0231382.ref014],[@pone.0231382.ref015],[@pone.0231382.ref029]\]
  **RM**                      Functional disability                                                                                                                                                                                                                                    Moderate to excellent positive relationship (r = 0.50--0.84) \[[@pone.0231382.ref014],[@pone.0231382.ref023],[@pone.0231382.ref025],[@pone.0231382.ref027],[@pone.0231382.ref029],[@pone.0231382.ref030],[@pone.0231382.ref032],[@pone.0231382.ref036],[@pone.0231382.ref050],[@pone.0231382.ref053]--[@pone.0231382.ref059]\]
  **VAS**                     Pain intensity                                                                                                                                                                                                                                           Fair to excellent positive relationship (r = 0.33--0.84) \[[@pone.0231382.ref013],[@pone.0231382.ref014],[@pone.0231382.ref016],[@pone.0231382.ref019]--[@pone.0231382.ref023],[@pone.0231382.ref025],[@pone.0231382.ref027],[@pone.0231382.ref028],[@pone.0231382.ref031],[@pone.0231382.ref032],[@pone.0231382.ref050],[@pone.0231382.ref051],[@pone.0231382.ref053]--[@pone.0231382.ref056],[@pone.0231382.ref058]--[@pone.0231382.ref060]\]
  **Sensitivity to change**                                                                                                                                                                                                                                                            
  **AUC**                     \> 0.70 \[[@pone.0231382.ref040]\]                                                                                                                                                                                                                       
  **MIC**                     4--11 \[[@pone.0231382.ref012],[@pone.0231382.ref034],[@pone.0231382.ref052],[@pone.0231382.ref061]--[@pone.0231382.ref064]\]                                                                                                                            

ICC, intraclass correlation coefficient; SEM, standard error of measurement; MDC~95%~, minimal detectable change at 95% confidence level; LOA, limits of agreement; FABQ, Fear-Avoidance Beliefs Questionnaire; r, Pearson correlation coefficient; Quebec, Quebec Back Pain Disability Scale; RM, Roland-Morris Disability Questionnaire; VAS, Visual Analog Scale; AUC, area under the curve; MIC, minimum important change.

### Validity {#sec013}

Construct validity was evaluated by correlating the Arabic-MODQ with the Arabic versions of the FABQ, the Quebec, the RM, and the VAS and calculating a Spearman rank correlation coefficient (Spearman's rho). Spearman's rho values were interpreted as follows: \< 0.25, little or no relationship; 0.25--0.50, fair; 0.50--0.75, moderate; and ≥ 0.75, excellent \[[@pone.0231382.ref048]\]. [Table 2](#pone.0231382.t002){ref-type="table"} presents *a priori* hypotheses to test the construct validity of the Arabic-MODQ. The hypotheses were formulated based on the findings of previous validation studies of the ODQ and MODQ. According to Terwee et al. \[[@pone.0231382.ref040]\], 75% or more of the hypotheses need to be confirmed to support the construct validity of the instrument being assessed.

### Sensitivity {#sec014}

Sensitivity to change, or responsiveness, of the Arabic-MODQ was examined by constructing a receiver operating characteristic (ROC) curve from the change scores between the two-week follow-up and the baseline. The area under the curve (AUC) was used to quantify the ability of the Arabic-MODQ to segregate patients who were improved from those who remained stable based on the 7-level global change scale. AUC values range from 0.5, indicating no diagnostic accuracy, to 1, indicating perfect diagnostic accuracy \[[@pone.0231382.ref065]\]. We hypothesized that an AUC value of 0.70 or more \[[@pone.0231382.ref040]\] would be obtained for the Arabic-MODQ ([Table 2](#pone.0231382.t002){ref-type="table"}). The MIC of the Arabic-MODQ was then estimated using the ROC curve. The MIC was determined by locating the point on the curve nearest to the left-hand corner of the graph. This point is associated with the maximum sensitivity and specificity of the questionnaire and represents a cutoff value to separate patients who have experienced improvements in their condition from those who have not \[[@pone.0231382.ref066]\]. Our predefined hypothesis regarding the MIC value is stated in [Table 2](#pone.0231382.t002){ref-type="table"}, which was formulated based on previous MIC values obtained for the ODQ and MODQ among patients with nonspecific LBP utilizing the same approach described above.

Results {#sec015}
=======

Sixty-eight men and women with LBP were enrolled to assess the psychometric properties of the translated questionnaire. The reliability was assessed in respondents who were classified as stable (61 respondents at two days and 53 respondents at 14 days), while the answers of all 68 respondents at baseline and 14-day later were used to calculate validity and sensitivity ([Fig 1](#pone.0231382.g001){ref-type="fig"}). Thus, all groups met the 50-participant requirement prescribed by Terwee and colleagues \[[@pone.0231382.ref040]\].

Respondents' demographic characteristics are presented in [Table 3](#pone.0231382.t003){ref-type="table"}. Categorical variables are provided in frequencies and percentages. Continuous variables are summarized by group using means and standard deviations. [Table 4](#pone.0231382.t004){ref-type="table"} illustrates the test values at baseline and retest values after two days' and after two weeks' follow-up for the Arabic-MODQ and the four other questionnaires.

10.1371/journal.pone.0231382.t003

###### Demographic characteristics of the respondents (N = 68).
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  Characteristic                  N                     \%     
  ------------------------------- --------------------- ------ ------
  **Sex**                         Male                  55     80.9
  Female                          13                    19.1   
  **Marital status**              Single                10     14.7
  Married                         57                    83.8   
  Divorced                        1                     1.5    
  **Education level**             High school           16     23.5
  Diploma                         12                    17.6   
  University                      40                    58.9   
  **Employment status**           Employed              59     86.8
  Unemployed                      5                     7.4    
  Student                         4                     5.8    
  **Duration of low back pain**   3 weeks to 3 months   37     54.4
  \>3 months                      31                    45.6   
  **Age mean ± SD (years)**       37.01 ± 7.57                 
  **Weight mean ± SD (kg)**       74.7 ± 9.72                  
  **Height mean ± SD (cm)**       169.58 ± 7.94                

SD, standard deviation.

10.1371/journal.pone.0231382.t004

###### Test values at baseline and retest values after 2 and 14 days for Arabic questionnaires.
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  Questionnaire   Baseline (N = 68)   At 2 days (N = 61)   At 14 days (N = 68)                                        
  --------------- ------------------- -------------------- --------------------- ------- ------ ------ ------- ------ ------
  **MODQ**        12--56              31.8                 11.3                  8--58   31.0   11.7   6--54   27.9   11.4
  **FABQ**        13--41              25.5                 7.2                   \-      \-     \-     9--34   22.7   6.7
  **Quebec**      15--52              31.8                 11.1                  \-      \-     \-     5--48   27.5   10.4
  **RM**          3--14               7.3                  3.1                   \-      \-     \-     1--13   6.2    2.6
  **VAS**         2--8                4.8                  1.6                   \-      \-     \-     2--6    3.5    1.5

All questionnaires were in Arabic.

Min, minimum; Max, maximum; SD, standard deviation; MODQ, Modified Oswestry Low Back Pain Disability Questionnaire; FABQ, Fear-Avoidance Beliefs Questionnaire; Quebec, Quebec Back Pain Disability Scale; RM, Roland-Morris Disability Questionnaire; VAS, Visual Analog Scale.

Floor and ceiling effects {#sec016}
-------------------------

No floor or ceiling effects were detected. Two respondents obtained the highest status scores of 8% and 6% at two days and 14 days, respectively. No respondents obtained the lowest status score.

Reliability {#sec017}
-----------

[Table 5](#pone.0231382.t005){ref-type="table"} summarizes the reliability properties of the Arabic-MODQ. A Cronbach's α of 0.85 was obtained indicating good internal consistency. Removal of item 5 or 6 slightly increased the Cronbach's α to 0.86. Regarding test-retest reliability, with 61 respondents, the Arabic-MODQ showed excellent reliability (ICC = 0.98; 95% CI: 0.97--0.99) between baseline (M = 32.8 ± 11.3) and two days later (M = 31.0 ± 11.7). Similarly, after 14 days, with 53 respondents, the questionnaire continued to show excellent reliability between the baseline (M = 33.3 ± 11.4) and 14 days later (M = 29.8 ± 11.7; ICC = 0.94; 95% CI: 0.91--0.97). The SEM and MDC~95%~ were 1.60 and 4.43, respectively, for two days, and 2.77 and 7.67, respectively, for 14 days. Furthermore, the Bland-Altman plot for two and 14 days test-retest showed a good distribution of scores with no systematic bias. The mean difference and 95% LOA were calculated as 1.74 (-4.23 to 7.70) after two days, and 3.47 (-6.59 to 13.53) after 14 days (Figs [2](#pone.0231382.g002){ref-type="fig"} and [3](#pone.0231382.g003){ref-type="fig"}). These reliability values of the Arabic-MODQ confirm our predefined hypotheses presented in [Table 2](#pone.0231382.t002){ref-type="table"}.

![The 95% limits of agreement of the Arabic MODQ scores between baseline and two days.\
MODQ: Modified Oswestry Disability Questionnaire; SD: standard deviation.](pone.0231382.g002){#pone.0231382.g002}

![The 95% limits of agreement of the Arabic MODQ scores between baseline and 14 days.\
MODQ: Modified Oswestry Disability Questionnaire; SD: standard deviation.](pone.0231382.g003){#pone.0231382.g003}

10.1371/journal.pone.0231382.t005

###### Psychometric properties of the Arabic Modified Oswestry Disability Questionnaire.
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  Psychometric property       Baseline (N = 68)                                 At 2 days (N = 61)                                At 14 days (N = 68)                                                     
  --------------------------- ------------------------------------------------- ------------------------------------------------- ----------------------------------------------------------------------- -------------------------------------------------------------------
  **Reliability**             Internal consistency                              Cronbach's α = 0.85                               \-                                                                      \-
  Test-retest                 \-                                                ICC = 0.98 (95% CI = 0.97--0.99)                  ICC = 0.94 (95% CI: 0.91--0.97)[^a^](#t005fn003){ref-type="table-fn"}   
  SEM                         \-                                                1.60                                              2.77[^a^](#t005fn003){ref-type="table-fn"}                              
  MDC~95%~                    \-                                                4.43                                              7.67[^a^](#t005fn003){ref-type="table-fn"}                              
  Mean difference (95% LOA)   \-                                                1.74 (-4.23 to 7.70)                              3.47 (-6.59 to 13.53)[^a^](#t005fn003){ref-type="table-fn"}             
  **Construct validity**      FABQ                                              rho = 0.60[\*](#t005fn004){ref-type="table-fn"}   \-                                                                      rho = 0.70[\*](#t005fn004){ref-type="table-fn"}
  Quebec                      rho = 0.77[\*](#t005fn004){ref-type="table-fn"}   \-                                                rho = 0.86[\*](#t005fn004){ref-type="table-fn"}                         
  RM                          rho = 0.54[\*](#t005fn004){ref-type="table-fn"}   \-                                                rho = 0.63[\*](#t005fn004){ref-type="table-fn"}                         
  VAS                         rho = 0.62[\*](#t005fn004){ref-type="table-fn"}   \-                                                rho = 0.62[\*](#t005fn004){ref-type="table-fn"}                         
  **Sensitivity**             AUC                                               \-                                                \-                                                                      0.68[\*\*](#t005fn005){ref-type="table-fn"} (95% CI = 0.52--0.84)
  MIC                         \-                                                \-                                                3 (73.3% sensitivity-- 50.0% specificity)                               

All questionnaires were in Arabic.

ICC, intraclass correlation coefficient; CI, confidence interval; SEM, standard error of measurement; MDC~95%~, minimal detectable change at 95% confidence level; LOA, limits of agreement; FABQ, Fear-Avoidance Beliefs Questionnaire; Quebec, Quebec Back Pain Disability Scale; RM, Roland-Morris Disability Questionnaire; VAS, Visual Analog Scale; rho, Spearman rank correlation coefficient; AUC, area under the curve; MIC, minimum important change.

^a^Assessed in respondents classified as stable (N = 59).

\*Two-tailed correlation is significant at α = 0.01.

\*\*Significant at α = 0.05.

Validity {#sec018}
--------

As shown in [Table 5](#pone.0231382.t005){ref-type="table"}, the construct validity testing using Spearman's rho at baseline and after 14 days showed significant moderate correlations between the Arabic-MODQ and the FABQ, the RM, and the VAS, and excellent positive correlation with the Quebec. These results confirm our predefined hypotheses, except for the FABQ (i.e., confirming 75% of the hypotheses).

Sensitivity {#sec019}
-----------

The sensitivity of the Arabic-MODQ was tested with 68 patients. An AUC value of 0.68 (standard error 0.08; 95% CI, 0.52--0.84) was obtained after constructing the ROC cure ([Fig 4](#pone.0231382.g004){ref-type="fig"}). This value was less than we hypothesized, but significant at 0.05 alpha level. The MIC identified form the ROC curve was 3 points, corresponding to 73.3% sensitivity and 50.0% specificity. This MIC is less than the value stated in our predefined hypothesis.

![Receiver operating characteristic curve for the Arabic Modified Oswestry Disability Questionnaire.](pone.0231382.g004){#pone.0231382.g004}

Discussion {#sec020}
==========

In this study, we evaluated the reliability, validity, and sensitivity of the MODQ after translation and cross-cultural adaptation to Arabic. The results showed that this version has excellent reliability, moderate-to-excellent validity, and adequate sensitivity. Because improving patients' health and healthcare provision are the overriding goals of creating culturally aligned, accurately translated, and rigorously validated health assessments, the Arabic-MODQ can be expected to aid assessment of LBP and associated disability by clinicians in Arabic-speaking communities.

Chang and colleagues \[[@pone.0231382.ref067]\] cautioned against adapting a direct translated instrument because of language differences, especially those highlighted by idiomatic expressions and colloquial phrases. When adapting an instrument, therefore, the overall goal should be making the instrument widely accepted in the target culture and not including questions that would be outside the respondents' experiences. In this study, in addition to some grammatical corrections and sentence restructuring, the expert committee recommended four noteworthy modifications.

First, the reviewers unanimously suggested converting the distance unit from miles to kilometers (Section 4 (walking); options 2, 3, and 4). This is because Arabic countries typically use metric units rather than imperial units to measure distance. Although the English MODQ is annotated with conversion of miles to kilometers for selection 2, the annotation does not convert all the options in that section. This might make it difficult for some patients to comprehend those selections. Moreover, the converted distance in the three options was rounded to 1.5, 1, and 0.5 km, respectively, to make it easier for patients to understand. The word "approximately" was also added at the end of each option.

Second, the reviewers suggested changing "I am in bed most of the time and have to crawl to the toilet" to "I am in bed most of the time and cannot go to the toilet without the help of others." This is because it is very uncommon in Arab cultures for a patient to be in this stage of disability without a relative or caregiver around to help them with their daily living activities. Concurrently, the intended meaning of being bedbound and unable to walk to the toilet independently was retained.

Third, in selection 4 of Section 8 (Social Life), the reviewers suggested adding "to practice social activity" at the end of the sentence. This was to approximate the meaning of "going out" in the English MODQ. Fourth, the reviewers agreed upon adding the word "commuting" to the title of Section 9 to be read as "traveling/commuting." The reason was that the word "traveling" in Arabic literally means traveling from one city/country to another, which could confuse patients. We believe that these modifications made the Arabic-MODQ more aligned to Arab cultures.

No floor or ceiling effects were detected for the Arabic-MODQ at the three assessment sessions. This indicates a good distribution of scores for the Arabic-MODQ, good content validity, and another indication of adequate reliability \[[@pone.0231382.ref040]\]. Homogeneity of items is an important feature of a questionnaire, especially if all items are measuring the same construct \[[@pone.0231382.ref040]\]. In the present study, the obtained internal consistency value of 0.85 indicates good homogeneity of all the 10 items of the adapted questionnaire. It was not too low (i.e., lack of association between the items), nor too high (i.e., redundancy of some items) \[[@pone.0231382.ref040]\]. In comparison with previous reports, the internal consistency value of the Arabic-MODQ is higher than the value of the Persian-MODQ \[[@pone.0231382.ref038]\] (see [Table 6](#pone.0231382.t006){ref-type="table"}), and comparable with the values of some validation studies of the ODQ (0.83--0.87) \[[@pone.0231382.ref013],[@pone.0231382.ref017],[@pone.0231382.ref019],[@pone.0231382.ref020],[@pone.0231382.ref023]--[@pone.0231382.ref025],[@pone.0231382.ref055],[@pone.0231382.ref057],[@pone.0231382.ref059]\].

10.1371/journal.pone.0231382.t006

###### Psychometric properties of the published Modified Oswestry Disability Questionnaire and Arabic Oswestry Disability Questionnaire.

![](pone.0231382.t006){#pone.0231382.t006g}

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  First Author, Yr.                                      Adapted To         Internal consistency            Reliability    Construct Validity   Sensitivity                                                                        
  ------------------------------------------------------ ------------------ ------------------------------- -------------- -------------------- ------------- ------------ --------------- ---------- ---------------- ---- ------ ----
  **Modified Oswestry Disability Questionnaire**                                                                                                                                                                                   

  **Current Study**                                      Arabic (SA)        0.85                            2              0.98                 1.60          4.43         -4.23 to 7.70   VAS        0.62             14   0.68   3

  14                                                     0.94               2.77                            7.67           -6.59 to 13.53       Quebec        0.77--0.86                                                           

  RM                                                     0.54--0.63                                                                                                                                                                

  FABQ                                                   0.60--0.70                                                                                                                                                                

  **Fritz, 2001 \[[@pone.0231382.ref012]\]**             Original           \-                              28             0.90                 5.40          12.68        \-              \-         \-               28   0.94   6

  **Denteneer, 2018 \[[@pone.0231382.ref036]\]**         Dutch              \-                              63             0.89                 3.19          8.80         \-              RM         0.69             63   0.64   \-

  SF-36                                                  -0.59 to -0.29                                                                                                                                                            

  **Sakulsriprasert, 2006 \[[@pone.0231382.ref037]\]**   Thai               \-                              20--30 min     0.98                 \-            \-           \-              \-         \-               \-   \-     \-

  **Baradaran, 2016 \[[@pone.0231382.ref038]\]**         Persian (Iran)     0.69                            Not reported   0.68                 \-            \-           \-              SF-36      -0.55 to -0.18   \-   \-     \-

  **Arabic Oswestry Disability Questionnaire**                                                                                                                                                                                     

  **Algarni, 2014 \[[@pone.0231382.ref014]\]**           Arabic (SA)        0.89                            2              0.99                 \-            \-           \-              VAS        0.71             \-   \-     \-

  Quebec                                                 0.79                                                                                                                                                                      

  RM                                                     0.66                                                                                                                                                                      

  **Guermazi, 2004 \[[@pone.0231382.ref015]\]**          Arabic (Tunisia)   0.76 (items 3, 4, 6, 7 & 8).\   3              0.98                 \-            \-           \-              VAS-pain   0.58             \-   \-     \-
                                                                            0.70 (items 1, 2 & 5).                                                                                                                                 

  VAS-handicap                                           0.70                                                                                                                                                                      

  Waddel Index                                           0.73                                                                                                                                                                      

  Quebec                                                 0.87                                                                                                                                                                      

  **Ramzy, 2008 \[[@pone.0231382.ref016]\]**             Arabic (UAE)       0.99                            2              0.99                 \-            \-           -2.40 to 3.76   VAS        0.81--0.90       \-   \-     \-

  Squat test                                             -0.77 to -0.70                                                                                                                                                            
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ICC, intraclass correlation coefficient; SEM, standard error of measurement; MDC, minimal detectable change; LOA, 95% limits of agreement; r, correlation coefficient; AUC, area under the curve; MIC, minimum important change; SA, Saudi Arabia; VAS, Visual Analog Scale; Quebec, Quebec Back Pain Disability Scale; RM, Roland-Morris Disability Questionnaire; FABQ, Fear-Avoidance Beliefs Questionnaire; SF-36, short form health survey questionnaire; UAE, United Arab Emirates.

The test-retest reliability of the Arabic-MODQ was excellent. The noted ICC values were close to previously reported reliability coefficients of the MODQ. For example, the English MODQ showed an excellent ICC value of 0.90 at four-weeks' follow-up \[[@pone.0231382.ref012]\]. The reliability of the Dutch MODQ, although with a longer follow-up period (nine weeks), was also excellent (0.89) \[[@pone.0231382.ref036]\]. The Thai version demonstrated a total ICC value of 0.98, but with 20 to 30 minutes of inter-administration time \[[@pone.0231382.ref037]\]. Regarding the original ODQ, the Arabic-SA \[[@pone.0231382.ref014]\] and the Arabic-Tunisian \[[@pone.0231382.ref015]\] versions had excellent reliability, with ICC values of 0.999 and 0.98, respectively (two to four days' follow-up). These values are comparable with the reliability coefficients reported in the current study ([Table 6](#pone.0231382.t006){ref-type="table"}).

It is important to note that ICC value alone does not provide enough information about measurement error of an instrument \[[@pone.0231382.ref068]\]. Therefore, we calculated the SEM for the Arabic-MODQ, which is an estimate of measurement error. The less SEM, the more reliability of that instrument \[[@pone.0231382.ref048]\]. The SEM is also used to calculate the MDC, which reflects the smallest change in score for one person beyond measurement error \[[@pone.0231382.ref040],[@pone.0231382.ref048]\]. For instance, the MDC~95%~ value of 7.67 calculated for 14 days indicates that, for a specific patient, a change of more than 8 points is most likely due to true change in the functional disability status of that patient rather than measurement error. This threshold is relativity less than the values reported in most of the previous validation studies of the ODQ (ranging from 9 to 13) \[[@pone.0231382.ref013],[@pone.0231382.ref021],[@pone.0231382.ref022],[@pone.0231382.ref027],[@pone.0231382.ref032],[@pone.0231382.ref050],[@pone.0231382.ref051]\], and the MODQ (8.8) \[[@pone.0231382.ref036]\]. The SEM and MDC~95%~ of the Arabic-MODQ reported in this study suggest the absolute reliability of the questionnaire.

Another measure of reliability assessed in this study are the LOA, which represent the degree of agreement of scores obtained on two different occasions \[[@pone.0231382.ref048]\]. The 14-day LOA analysis of the Arabic-MODQ indicates that a deterioration more than 14 points and improvement more than seven points is considered a true change in a patient's disability status at a 95% confidence level \[[@pone.0231382.ref030]\]. When comparing the LOA of the Arabic-MODQ with other versions validated previously, the upper limit is extremely similar to the values calculated for the Chinese (13.7) \[[@pone.0231382.ref032]\] and the Danish (12.4--13.6) \[[@pone.0231382.ref030]\] versions of the ODQ; however, the lower limit is less (-12.5 and -9.2 to -12.7 for the Chinese and the Danish, respectively). The Arabic ODQ-United Arab Emirates (UAE) \[[@pone.0231382.ref016]\] showed narrower limits of agreement of -2.4 to 3.76 at 95% confidence level for two days retest ([Table 6](#pone.0231382.t006){ref-type="table"}).

It has been recommended that *a priori* hypotheses need to be stated when evaluating the construct validity of an instrument \[[@pone.0231382.ref040]\]. This is to avoid potential risk of bias when interpreting the correlations with other instruments. In this study, the construct validity of the Arabic-MODQ was supported by confirming three out of four (75%) of the predefined hypotheses. The Arabic-MODQ showed significant excellent correlation with the Arabic Quebec, which is similar to the reported correlation between the Arabic-SA ODQ (r = 0.792) \[[@pone.0231382.ref014]\] and the Arabic-Tunisian ODQ (r = 0.86) \[[@pone.0231382.ref015]\] with the Arabic Quebec. Furthermore, the moderate correlation values calculated in this report with the RM were comparable with the correlations reported between the two questionnaires in Dutch (r = 0.69) \[[@pone.0231382.ref036]\], and the Arabic-SA ODQ with the Arabic RM (r = 0.656) \[[@pone.0231382.ref014]\] ([Table 6](#pone.0231382.t006){ref-type="table"}), but slightly less than the values calculated in previous validation studies of the ODQ in other languages \[[@pone.0231382.ref025],[@pone.0231382.ref027],[@pone.0231382.ref029],[@pone.0231382.ref053],[@pone.0231382.ref055],[@pone.0231382.ref056],[@pone.0231382.ref059]\]. Similarly, a moderate degree of association was detected between the Arabic-MODQ and VAS. This value is similar to the values obtained in other reports \[[@pone.0231382.ref013],[@pone.0231382.ref032],[@pone.0231382.ref050],[@pone.0231382.ref054],[@pone.0231382.ref055]\], and slightly higher than the one obtained between the Arabic-UAE ODQ and VAS \[[@pone.0231382.ref016]\]. In term of association between the Arabic-MODQ and FABQ, it was stronger than the values reported for the Hausa version of the ODQ (r = 0.19) \[[@pone.0231382.ref013]\]. This association value provides further information about the direct proportionality of fear-avoidance beliefs with self-reported disability due to LBP \[[@pone.0231382.ref069]--[@pone.0231382.ref075]\].

The sensitivity to change of the Arabic-MODQ as indicated by the AUC value is similar to the sensitivity of the Dutch version (AUC = 0.64) \[[@pone.0231382.ref036]\]. However, the English version of the MODQ achieved excellent sensitivity of AUC = 0.94 \[[@pone.0231382.ref012]\] ([Table 6](#pone.0231382.t006){ref-type="table"}). A possible explanation for the higher sensitivity value of the English version of the MODQ is that re-administration time was after four weeks. On the other hand, the Arabic-MODQ was re-administered two weeks after baseline. This might have slightly decreased the likelihood of detecting changes in patients' condition; however, we believe that the sensitivity value described in this study highlights the usefulness of the Arabic-MODQ.

Another measure of responsiveness evaluated in this study is the MIC. The MIC, also called the minimal clinically important difference and the minimal clinically important change \[[@pone.0231382.ref048]\], is interpreted as the smallest change in score in the construct measured that is considered useful by the patient. Consequently, this change would lead to an adjustment of the patient's management in the absence of excessive side effects and extra costs \[[@pone.0231382.ref076]\]. It is suggested that the MIC should be greater than the MDC for an instrument be able to differentiate minimum important change from measurement error \[[@pone.0231382.ref040]\]. The obtained MIC of 3 points for the Arabic-MODQ is less than the MDC of 7.67 points. Similar relationship between the MIC and MDC was also calculated for the English version of the MODQ in three previous studies (6 vs. 12.6) \[[@pone.0231382.ref012]\], (9 vs. 12.8) \[[@pone.0231382.ref034]\], and (5 vs. 13.1) \[[@pone.0231382.ref035]\]. This was also the case in several responsiveness studies of the ODQ \[[@pone.0231382.ref052],[@pone.0231382.ref062],[@pone.0231382.ref077]\]. Some studies attributed that to the anchor used for calculation, the global change scale, which could be very subjective and influenced by recall bias \[[@pone.0231382.ref062],[@pone.0231382.ref077]\]. Therefore, and since the MDC value of the Arabic-MODQ exceeds the MIC, and it is relatively well above the SEM, we suggest considering a change of more than 8 points (i.e., the MDC~95%~) after two-week of treatment as a true change in patient status \[[@pone.0231382.ref035]\], as described earlier in the discussion.

A potential limitation of this study is that the patient sample group was drawn from a single Arab country, Saudi Arabia. However, we believe this will have a minimal effect on the generalizability of the results, because the translation and adaptation of the MODQ was completed using Modern Standard Arabic, the language used in books, newspapers, magazines, media, formal speech, and communications and the most common form of Arabic taught in primary education in all Arab countries \[[@pone.0231382.ref078],[@pone.0231382.ref079]\]. Further, the Arabic-MODQ was tested among literate patients only. We recommend evaluating the psychometric properties among nonliterates as well, similar to the work done by Adamu and colleagues \[[@pone.0231382.ref013]\]. Another limitation of our study was not including the forward and backward translators on the expert committee. The principle investigator was a part of the committee and could deliver any questions or queries raised by the members, and the committee raised no questions to the translators during the meeting, but we believe that the translators' presence could have made the discussion more productive. An additional limitation was our using a two-day interval to measure the test-retest reliability of the Arabic-MODQ. Although a two-day interval is not uncommon in the previous validation studies of the ODQ \[[@pone.0231382.ref014],[@pone.0231382.ref016],[@pone.0231382.ref019],[@pone.0231382.ref022],[@pone.0231382.ref027],[@pone.0231382.ref029],[@pone.0231382.ref032],[@pone.0231382.ref051],[@pone.0231382.ref053],[@pone.0231382.ref054],[@pone.0231382.ref058],[@pone.0231382.ref059]\], and the reliability coefficients obtained after two days and after 14 days are comparable, the risk of memory effect cannot be excluded with such a short interval. Finally, the MIC value computed in this study for the Arabic-MODQ should be interpreted with caution because it is within the MDC. We recommend further research to be conducted in this area.

In conclusion, our study showed that the Arabic-MODQ is a psychometrically valid, reliable, and, to some degree, sensitive tool to assess disability level in patients with LBP. We suggest that clinicians and researchers utilize this Arabic version of the MODQ in their practice to monitor Arabic-speaking patients with LBP.
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The introduction

• The objectives or the motive behind the study was not clear ?

• I believe that the objectives of this study was not justified because it was just based on "an assumption or a belief "about the unsuitability of the question about sex life for the Arab culture rather than existing scientific facts.

You have indicated that "There are 22 Arabic-speaking countries occupying the Middle East, North Africa, and some parts of East Africa. Asking about sexual activities could be offensive for the vast majority of cultures in these countries".

That assumption may not be true, sex is very important for personal health and security and may varies among different culture. The Arab world is mad of different culture and ethnic background, and from a social perspective; people in the Arab world are open minded and may not be so close or sensitive as expected therefore, you need to justify that assumption somehow more with evidence.

• Furthermore, the sensitivity to sex life questions among the Saudi population and other Arab population has been already been explored is several study utilizing ODI or a modified version of ODI with good validity , reliability, and sensitivity. So that the issue about sex life question is no longer a sensitive or barrier for an accepted argument.

For example two studies from KSA have utilizes the Tunisian version of ODI after adding and translating the missing items 8 &10 from the original ODI on 100 Saudi individuals and have concluded that the ODI has high metrological qualities to be adapted to the Saudi population (Algarni et al 2014). Further the Alamrani et al (2014) using the Algarni adopted Tunisian version of ODI with its missing Items 8 & 10 translated into Arabic again as part of her study to adopt the Back belief Questionnaire (DBQ ) she did not have a problem with the sex and culture sensitivity when she applied it on 115 Saudi male and female in King Khalid University Hospital Riyadh and still came up with significant results to adopt her DBQ when compared with ODI .

• Beaton et al (2000) urged researchers not to reinvent the wheel by creating a new measure if a standard tool can do the purpose, therefore I wonder if this study has any added value to the already existing knowledge on the standard measure used specifically that others have already utilizes similar forms of the MODI questionnaire in the same cultures of the author (KSA) and in United Arab Emirate (UAE) and found it suitable and valid, so there is a lot to be done to justify the added value of this study beyond just considered it as a statistical research exercise.

• The important of the profile of sex activity and chronic low back pain was also illustrated by a study on the Moroccan patient with chronic low back pain by Hanane Bahouq et al 2013 although the study didn't use the ODI but it sheds light on how much important the question on sex life is for the health of an individual and how open minded were the patients whom answered the same sensitive question in an Arab culture . So the authors must justify the need of this study on a different bases rather than just sex life presumed unsuitability.

• I wonder why the author did not try to modify the language or sentences to be less sensitive about sex life while keeping the objective of the same item on the original ODI

Methodology

• I have no question regarding the methodology it all seems perfectly aligned with the already existing methodological approach to this kind of research and statistical outcomes.

• Although the MODI has been is translated into classic Arabic it is important that the translation effort has to be more Liberal "free" than literal or "exact" to be more understood to the public. Although the authors have taken the liberty to modify some item during the translation those modification was expected in the methodology section.

• Some items are still very close to each other in the practicality of their meaning and almost mean the same thing in free daily life conversation or when read in writing materials for ordinary individual of limited education.

For example the differences between one hour and half hour is so difficult to appreciate by an ordinary individuals, differences in distance in kilometers is also difficult to appreciate in a culture who may not necessarily travel by walking, therefore when translating and adopting a questionnaire into a different culture, it is advised not to used literal translation, or unite of time or distant, rather; try to liberally translate to the most utilized meaning to that culture in term of activities of daily living or life style. The classic Arabic although is known worldwide it is difficult for many Arab speaking population such African nations to comprehend some meaning or even in large KSA itself.

Discussion

Lack of comprehensive analysis and comparison with other existing studies answer what added value does this study have , does remove the sex item improve the ODI ???

• I expected the authors to discuss the add value of their outcomes , in other word are their translated version of the MODI any better better than the used ODI by Ramzy, Raafat 2008 or Algarni et al 2014 who did not remove the sex items, or from the Tunisian study that removed the sex items. I was expected a comprehensive comparison of reliability and validity and responsiveness scores.

• Elaborate more on the results of theses references in your statistical analysis and discussions
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Reviewer \#3: Thank you for the opportunity to review this work.

Find below my specific comments.

The title "Cross-cultural adaptation and psychometric testing of the Modified Oswestry Low Back Pain Disability Questionnaire in an Arabic population" does not suggest a translation into the Arabic language is being tested but that a tool was tested among Arabic population. I suggest "Cross-cultural adaptation and psychometric testing of the Arabic version of the Modified Oswestry Low Back Pain Disability Questionnaire".

Abstract --

The background of the abstract is too long and not punchy. The authors seem to be presenting result of cultural adaptation done rather than putting in succinct way the gap observed in literature.

The method section is too brief. Only the translation process and the type of anslysis were mentioned. The population of the study and their characteristics were not mentioned. The study design and specific test statistics were not referred to. Also no reference was made to level of significance in this study.

The test-retest time in this study (2 days interval) is rather short. In physical performance testing the shorter the interval the better, however, for this psychosocial construct, the authors will have to justify using 2 days interval. In addition, a sharp deviation from what is common in literature may affect the comparison of this study's findings with others. Also, the high ICC score obtained is not unexpected as memory recall is not put to any rigorous test. In my opinion, I think the result of test-retest of 14 days after should be used only.

The conclusion of the study need to be presented in present tense. The second sentence in the conclusion seems incorrectly put, as the study did not provide access but made an available tool more accessible. Again, the translation should be meant for the Arabic population and not necessarily Arabic speakers.

Background

The background is clear and logical. However, a significant part of the background was based on the justification for the original MODQ by the Fritz and Irrgang \[12\]. The authors seem to more about that argument rather than justify better why that an Arabic version of the MODQ is expedient.

Methods

This study is a cross-sectional study. I am not sure it can be described as exploratory methodological research design. At this the approach is referred to as grounded theory approach to qualitative study.

Line 81-83 should be put in perspective. It is better to state that Research Ethics Committee of the University of Tabuk, Tabuk, Saudi Arabia approved the study and all participants gave informed consent. As it currently read, it might be interpreted that the REC gave approval for the informed consents, even though it is one of the documents that REC should approve.

Line 84, 94, 115 - 116 are competing in font size with materials and methods. Also, an abbreviation should not be used in sub-titling.

The other scales used in the validity of the Arabic version of the MODQ, where they in Arabic too? If yes, their psychometric properties will have to be reported.

Lines 151-153 seems to be serving no purpose at time point. Likewise for reliability, validity and sensitivity, they seem independent and not like they are sub-sub titles.

The sensitivity analysis used in this study is that used in interventional studies based on Cohen's effect size. I doubt it is the appropriate method for a correlational study that is validating a new tool. The authors may consult a statistician on this regard.

Results

Lines 173 to 184 are methods related and should be removed from results.

Lines 191-194 did not read like footnote or key to understanding table. Formatting is required.

Line 195 is redundant. The authors can report their findings without creating a new subtitle.

Table 3 is not clear. What is MODQ on that table. Is it a validity test between the English and Arabic version. If it is, it is a concern that MODQ has a score of 1.000 at day 2 and 14 respectively. Please check other types of validity testing for new tool.

Lines 214 -- 217 did not show as a footnote.

Line 221 -- change 'from moderate to large' to 'from moderate to high'.

Lines 225-226 should be moved to join the flow of expression that comes immediately after "In this study, we evaluated the reliability, validity, and sensitivity of the MODQ after

translation and cross-cultural adaption to Arabic".

Lines 230-231 -- There is no evidence of low cost about the new tool as no cost effectiveness method was shown. Also, ease of administration of the tool can only be deduced from the response rate. Also, the response rate in this study is not clear.

Lines 281-289 describes sensitivity of the MODQ but it is doubtful that the method adopted is correct, hence the discussion may be faulty too.

The conclusion in the discussion section must be succinctly presented without adorning it with elements of methods.

I recommend that this study be accepted pending the corrections pointed.
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Dear Dr. Al Amer,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Apr 02 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Adewale L. Oyeyemi, Ph.D

Academic Editor
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Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

Reviewer \#3: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The manuscript aims to translate and cross-culturally adapt the MODQ into Arabic and establish its reliability, validity, and sensitivity in an Arabic population with low back pain. The authors have done a good job and addressed all the comments and suggestions I made in the first review. The quality of the manuscript has improved significantly. However, there are still a couple of minor changes which would be advisable as appended below.

Abstract

Line 23 .....has not yet been adapted into Arabic

Put a full stop after Arabic

Line 25...... Disability Questionnaire (MODQ) and evaluate its psychometric properties.

Modify as: ....Disability Questionnaire (MODQ) into Arabic and evaluate its psychometric properties.

Introduction

Line 63......and there are 31 adaptations across...

There are 32 adaptions so far including the study you cited (i.e. Ibrahim et al., 2019). Please correct this figure.

Line 65 ...... However, approximately........

Do not start a paragraph with transition words like however with comma.

You may modify as: While the ODQ has been adapted into many cultures, approximately....

Line 150..... Table 1. Psychometric Properties of Arabic Questionnaires Included in the Study

Should be corrected as: Table 1. Psychometric properties of Arabic questionnaires included in the study

Materials and Methods

Line 84...... psychometric evaluation research study.....

Delete "research" modify as: psychometric evaluation study....

Line 170... Statistical analysis

Correct as: Statistical analyses

Mention the software and version you used for the analyses. For the example; Statistical Package for Social Sciences version 24.0 (SPSS, Chicago, IL) was used.

Line 217.... Sensitivity

You reported AUC only. How about the minimum important change (MIC) of the Arabic MODQ? The MIC can be determined as the amount of change associated with the uppermost left-hand corner of the curve, where both sensitivity and 1-- specificity are maximized. If you accept to add this value, give predefine hypothesis and add this change in the abstract, and comment in the discussion.

Discussion

Line 359........ However, ICC value

Same comment as Line 65, You may modify as: It is important to note that ICC value alone does not provide enough information about measurement error of an instrument \[60\].

Reviewer \#2: I have read the revision made by the authors and I have noted the tremendous work of reconstructing this manuscript to become a much better manuscript in its current shape, that worth publication.

However, The authors still have not answered some point which I think will not affect the decision to publish the paper but at least should be addressed within the final form of this manuscript

From point 1-5

Although the authors have responded very nicely to my questions or reasoning I still believe that they should write a statement about the justification of the study something like

"the motive behind this study is to further explore the cross cultural complexity of responding to the sex item on the ODI and the need to modify it on the questionnaire, specifically among conservative cultures like the KSA, and to explore similar efforts from previous studies from native Arab world"

(I have said this because I have noted similar genuine effort in previous study from your country with similar objectives and methodology, and population, it will be nice that the motive behind your effort is fare more than just replicating similar effort for just publication, the scientific community will stile give credit to previous work and will judge the existing added value of this manuscript in light of the previously performed effort.)

The table added to illustrate the missing answers to the sex life question is beautifully illustrating the need for this study and I thank the authors for this effort.

It will be also nice that you will bring some of this in the need for the study showing the need to add further effort to examine the topic again and discuss the shortcoming of Al grainy and al Amrani

Point 7

Thank you for including a new table to respond for this point

Point 8

It was nice to respond to the difference between traditional local speaking language versus the classical speaking Arabic language that is used in the classical writing I understand that people will write in classical Arabic but will speak in different local languages thank you for that understanding .

However, when preparing/ modifying a questionnaire it should be applicable to all individuals old or young highly educated or low educated and for those who need help or unable to read or write.

If the questionnaire is only prepared for those who read and write then consider have a section for limitation of the study.

Point 9

It was nice to include a table to provide the differences in the added value of the modified ODQ with previous published data, however this added value is "a statistical value" that may vary at any time .

Point 10

I have noted the authors responses and the their effort to reconstruct the discussion section.

Reviewer \#3: Dear Editor-in-Chief,

Thank you for the opportunity to review this manuscript "Cross-cultural adaptation and psychometric testing of the Arabic version of the Modified Oswestry Low Back Pain Disability Questionnaire" again. I must commend the authors for the significant improvement in this re-submission. However, I still feel some areas need be adjusted. My specific comments are below --

1\. The keywords are too many and some of the words are really not key.

2\. Abstract section

-- The background is still too long and remains not punchy yet. Specifically, the authors brought in methodical procedure of adaptation of ODI to MODQ instead of justifying strongly the translation of the MODQ into the Arabic language rather than that it has not been translated before into the Arabic language.

\- I suggest that this "Sixty-eight patients (55 males and 13 females, mean age 37.01 ± 7.57 years) were recruited to assess its psychometric properties" be recast as "Sixty-eight patients (55 males and 13 females) with a mean age of 37.01 ± 7.57 yearswere recruited to assess its psychometric properties".

\- Recast "The construct validity was tested by calculating the correlations with other four LBP assessments" as "The construct validity was investigated by correlating the new translation with four other measures assessing disability in LBP.

\- I think it is necessary to mention the test statitics employed and also set the alpha level.

\- On the result section, I suggest a recast from "Further, the results showed, between baseline and two days later, the ICC, SEM, MDC 95% , and LOA were 0.98, 1.60, 4.43, and -4.23 to 7.70, respectively, and between baseline and 14 days later, the values were 0.94, 2.77, 7.67, and -6.59 to 13.53, respectively. The scale also demonstrated moderate to excellent construct validity (rho = 0.54-0.86). The AUC value of the Arabic-MODQ was 0.68." to " The ICC, SEM, MDC 95% and LOA between baseline and two days later were 0.98, 1.60, 4.43, and -4.23 to 7.70, respectively, while the values between baseline and 14 days later were 0.94, 2.77, 7.67, and -6.59 to 13.53, respectively".

\- When term 'moderate to excellent' is often used to describe results from ICC and not results showing rho values. The authors need to verify the result they are actually reporting.

\- The conclusion of the study is way bigger than the scope of the study. The study did not provide more accessibility to a widely used tool for assessing disability level in patients with low back pain in Arabic-speaking communities. Rather, it provided a translation that may improve accessibility to a tool for assessing disability in patients with LBP. Also, to reckon wide usability to MODQ is relative. It is still not as widely used and known as the ODI. Hence, the word 'widely used' is not necessary.

3\. Introduction section --

\- Recast lines 61-64 - as "... was described by Fairbank and colleagues \[6\]. Following the original English version of the ODQ, many variants of it have been translated in English \[7-12\], and there are about 31 adaptations in other languages \[13\], including Arabic \[14-16\]".

\- Remove, 'however' from line 65.

\- Line 77 -- 'The MODQ was tested and found to be a valid,..' -- remove 'tested and'.

4\. Method section --

\- "This cross-cultural adaptation and psychometric evaluation research study was conducted over two stages: Stage 1, translation and cross-cultural adaptation of the MODQ into Arabic, and Stage 2, testing the psychometric properties of the Arabic-MODQ" . Both sentences are expressing the same thing. Rather, the authors can state that "This study was in two stages. Stage one, translation and cross-cultural adaptation of the MODQ into Arabic, and Stage two, testing the psychometric properties of the Arabic-MODQ".

\- I am not certain that statistical analysis conveys same meaning as data analysis. That said, the authors need to review their opening sentence in this section as it is not clear -- "Descriptive statistics of categorical variables were provided in frequencies and percentages".

\- "Terwee and colleagues \[43\] believed 50 participants could be used to adequately measure the floor and ceiling effects, reliability, agreement, and construct avalidity of a questionnaire; therefore, considering losses to withdrawal, follow-up, or aprotocol violation, we set to recruit ≥ 60 patients" -- should be relocated to method section on respondents and not where it is currently placed.

\- A line or statement is needed to have come before all the sub-heading in the Data analysis section. Without that, it seems like a strange intrusion in the narrative.

5\. Discussion section

Please remove the word 'devised'' -- line 297

Lines 333-334 - to short to form a paragraph. You may which to consider the next paragraph as a continuation of this one.

6\. Generally, please change participants to respondents. In this kind of study the most suitable description for the patients is respondents.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.
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Dear Dr. Al Amer,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Adewale L. Oyeyemi, Ph.D

Academic Editor

PLOS ONE
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2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.
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3\. Has the statistical analysis been performed appropriately and rigorously?
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4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.
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5\. Is the manuscript presented in an intelligible fashion and written in standard English?
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Reviewer \#1: I have read the revised manuscript and the authors have addressed all the comments i have raised. I would like to commend you for the astounding effort of reconstructing this manuscript to an outstanding one. I have no doubts that the manuscript is worthy to publish in PLOS ONE.

Wish you all the best of luck.

Reviewer \#3: Thank you for the opportunity to review the revised manuscript.

The authors addressed the comments from review in the previous round in a satisfactory manner: the manuscript reads well and makes a coherent whole.

However, I have a minor suggestion on the background of the abstract. The authors may consider this recast -- "The measurement characteristics of the Modified Oswestry Low Back Pain Disability Questionnaire (MODQ), a variant of the original tool, which substituted the sex life item with a question related to variabilities in pain intensity are largely unknown. In this study, we aimed to translate and cross-culturally adapt the MODQ into Arabic and evaluate its psychometric properties".
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If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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Dear Dr. Al Amer:
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